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quadrangle is about 3^300 feet; altitudes range from less than 4,900 feet on Blue Creek to 8,184 feet on Pine Hill. All the streams draining the quadrangle empty into the Dolores River a short distance west of the quadrangle.
No accurate information on rainfall is available, but the annual precipitation probably ranges from 10 inches in the lower altitudes to 20 inches in the higher; the quadrangle is semiarid and supports a moderate growth of juniper and pinbn on rocky terrain at lower altitudes and scattered ponderosa pines at the highest altitudes. Sagebrush is abundant where soils are thick. Cacti and sparse grass are widely distributed.
Most of the quadrangle is accessible over a system of dry-weather roads. The stratigraphic sequence is similar to that studied by Baker (1933) and Dane (1935) in nearby areas in Utah; most of the formations can be traced continuously from the Calamity Mesa quadrangle into Utah.
Pre-Cambrian rocks
A complex of crystalline pre-Cambrian rocks, exposed along the upper reaches of Blue and Mesa Creeks, are the oldest rocks in the quadrangle.
No attempt was made to outline on the map the various rocks in the complex because of their intricate interrelations« Most abundant of the rocks is a gray-medium-grained gneissic granite. Uncompahgre Plateau to several thousand feet a few miles southwest of the v uplift. A well drilled about 4 miles southwest of the knife-edge of the Cutler, in the canyon of the Dolores River near the town of Gateway, Colo.^/ in the Gateway quadrangle to the west, penetrated more than 7*800 feet of red arkose before reaching the pre-Cambrian basement. This thick sequence of beds includes rocks probably not only of Permian age but of Pennsylvanian as well. Abrupt thinning of the formation toward its source area, coarseness of the material,, and rude bedding all indicate that the Cutler in this area i was deposited as a fanglomerate. The Chinle formation is about 200 feet thick where exposed in the Calamity Mesa quadrangle, but along the Dolores River a mile or two west of the quadrangle the formation is more than 300 feet thick,
Glen Canyon group
The Glen Canyon group, of Jurassic (?) age, comprises, in ascending order, the Wingate sandstone, the Kayenta formation, and the Navajo sandstone.
Wingate sandstone
The Wingate sandstone conformably overlies the. Chinle'-formation.
The sandstone is a massive, fine-grained rock composed of clean, well-sorted quartz sand. It typically crops out as an impressive red, dark-brown wall, stained and streaked' in places with a surficial red and black desert varnish.
Vertical joints cut the sandstone from top to bottom; the spalling of vertically jointed slabs largely causes the recession of the cliff. The sandstone is divided into horizontal layers by extensive bedding planes spaced 2 to 50 feet apart. Within each horizontal layer the sandstone is cross-bedded on a magnificent scale; great sweeping tangential cross-beds of eolian type, in places extending across the entire thickness of the horizontal layer, are disposed in all directions. The sandstone is rather poorly cemented and crumbles easily; this quality probably accounts for the readiness with which the rock disintegrates in faulted areas. '
In the Calamity Mesa quadrangle the Wingate sandstone ranges in thickness from about 300 to nearly 400 feet.
Kayenta formation
The Kayenta formation conformably overlies the Wingate sandstone; the contact between the two formations is gradational in most places,.. The formation is notable for its variety of rock types. Sandstone, red, buff, gray, and lavender in color, is the most abundant type; but the formation also contains considerable quantities of red siltstone, thin-bedded shale, and conglomerate. The conglomerate contains pebbles of sandstone, shale, and limestone. The sandstone is composed of rounded to subrounded quartz grains and minor quantities of mica, feldspar, and dark minerals. Most of the sandstone is thin-bedded,cross-bedded in part, and flaggy; some is massive, 
Navajo sandstone
The Navajo sandstone conformably overlies the. Kayenta formation.
The Navajo is a gray to buff massive fine-grained clean quartz sandstone.
Tangential cross-beds of tremendous size leave little doubt, of the eolian origin of the sandstone. The sandstone weathers by disintegration and tends to develop rounded topographic .forms where exposed on slopes or benches and vertical cliffs where protected by overlying rocks.
The Navajo sandstone occurs only in the western part of the.quadrangle,, where it ranges in thickness from a knife-edge to about 70 feet.
San Rafael group
In this area the San Rafael group, of Middle and Late Jurassic age, comprises, in ascending order, the Carmel formation, the Entrada sandstone, and the Summerville formation. The group crops out in a band along the canyon walls and along the base of the "flatirons" in the northeastern part of the quadrangle. The Carmel formation and the Entrada sandstone were mapped as a single unit because in most places they form/.'a narrow outcrop.
Carmel formation and Entrada sandstone
The Carmel formation consists largely of red to buff, soft, horizontally bedded siltstone, mudstone, and sandstone. In some localities the .basal beds consist of reworked Navajo sandstone. Pebbles and angular fragments of white and gray chert, as much as an inch across, are scattered rather abundantly through the lower part of the formation and less abundantly through the upper part. These chert pebbles and angular fragments are sufficiently abundant locally to form layers of conglomerate. Included in these layers are scattered greenish-gray, red, and yellow quartzitic pebbles and cobbles as large as 5 to 8 inches. In many places the upper part of the formation contains scattered barite nodules as much as an inch across.
The Carmel formation ranges from less-than 10 feet to 90 feet in thickness. This large range appears to be due chiefly to deposition on irregular, eroded surfaces on the Navajo sandstone or the Kayenta formation.
No definite evidence indicates that the Carmel formation in this area is of marine origin, as it is in central Utah, but the probabilities are that the Carmel of southwestern Colorado was deposited in shallow water marginal to a sea.
Tlie Carmel formation grades upward, in.most places without a prominent break, into the Entrada sandstone. The Entrada sandstone, known locally as the 1t slick rim" because of its appearance, is perhaps the most strikingly picturesque of all the formations in the plateau region of Colorado.
The smoothly rounded, in places bulging, orange, buff,, and white cliffs 
Mineralogy
The most common ore minerals are carnotite and a fine-grained, vanadiumbearing, micaceous mineral. Carnotite (K2(I|0: 2)2(VO/4,)2'> 3^20) is a yellow, fine-grained, earthy or powdery mineral. Tyuyamunite ( the calcium analogue of carnotite, is also present and is nearly indistin--^uishable from carnotite. The micaceous vanadium mineral, which formerly was thought to be roscoelite, is now considered to be related to the nontronite or montmorillonite group of clay^nilncr'al.s, It forms aggregates of minute flakes coating or partly replacing sand grains and filling pore spaces in the sandstone. It colors the rock gray. Other vanadium ore minerals present are montroseite (nFeO,^nV20^.nV2Oo<>nH2 0), corvusite (V2 04'6V205.nH20), hewettite (Ca0.3V205.9H20), pascoite (2GaO«3V2CyilH2 0), and rossite (CaO»V2 Oc»4H20). Corvusite and montroseite occur together, forming compact masses of bluish-black ore; hewettite commonly forms bright-. Although many rolls are small and irregular, the larger ones are elongate and may extend with little change of direction for more than 100 feet.
The elongate rolls in an ore body or group of ore bodies 4n a given area generally have a common orientation. This orientation is roughly parallel to the elongation of the ore bodies.
... ,
Origin of ore
The origin of the uranium-vanadium ores in the Morrison.formation is uncertain and controversial. In some respects the deposits are unique, and much of the evidence concerning the genesis of the ore is either not conclusive or appears to be contradictory. In this brief account only a small amount of evidence can be presented and the hypotheses can only be summarized.
Most of the deposits are closely associated with certain sedimentary features. Layers of ore lie essentially parallel to the bedding; most of the deposits occur in the thicker parts and commonly near the base of the ,1 sandstone lenses, the trend of the long direction of the deposits and the trend of "'the ore rolls in the sandstone are roughly parallel to the trend of the fossil logs in the sandstone and to the average or resultant dip of the cross-bedding in the sandstone. These relations strongly suggest that primary structures in the sedijments were instrumental in localizing most of the ore deposits.
Recent investigations have revealed new data bearing on the origin of the ores (Waters and Granger, 1953) . Below the zone of oxidation some of the ore consists chiefly of oxides, such as pitchblende and low-valent oxides or vanadium, and small quantities of sulfides such as pyrite, bornite, galena, and chalcopyrite; fully oxidized and fully hydrated minerals are either rare or nonexistent. A hard variety of uraninite, previously reported only from hydrothermal deposits, has been found in the Grey Ba%n mine in San Juan County, Utah (Rasor, 1952) , and in the Happy Jack mine in White Canyon, Utah. Studies of lead-uranium ratios in ores from the Colorado Plateau indicate that, regardless of where or in what formation found, all the ores are of roughly the same age, and this age is no older than latest Cretaceous (Stieff and Stern, 1952) . Some geologists believe field relations in pre-Morrison formations at White Canyon (Benson et al., 1952) ancl Temple Mountain in Utah'/indicate that the deposits may be genetically ' related to faults and fractures. At the Rajah mine near Roc Creek in ' Colorado, ore occurs along a fault and horsetails out into the wall rock.
Two main hypotheses have arisen to explain the origin of the ores. The oldest and probably the most widely held is; the hypothesis that the ores are penesyngene'tic and were formed soon after the enclosing rocks were deposited (Coffin, 1921| Hess, 1933 Fischer, 1937 Fischer, , 1942 Fischer, , 1950 and Fischer and Hilpert, 1952) . Later movements of ground water may have dissolved and reprecipitated the ore constituents, but the essential materials were already present in the host rocks or in the waters permeating them.
Although this hypothesis offers a reasonable explanation for the relation i of ores to sedimentary features,, it faces some difficulty in explaining?
(l) the discrepancy between the age of the uranium and the age of the enclosing rock; (2) the broad stratigraphic distribution of uranium occurrences and association of ores with fractures in a few localities; and (3) the hydrothermal aspect of the mineral suites in \some ores,, The second hypothesis, and the one the authors favor,, is essentially a telethermal hypothesis and assumes the ore to have originated from a hypogene source. Proponents of this hypothesis believe that ore-bearing solutions,, originating at depth from an igneous source, ascended along fractures.
After these solutions mingled with circulating ground waters, the minerals were precipitated in favorable beds as much as several miles from the fracturesc This hypothesis explains more readily the difficulties inherent in the penesyngenetic hypothesis, but poses two other difficulties,, namely, the hypothetical location of igneous source rocks, and the difficulty of proving the connection between fractures and faults and the ore deposits.
A third.hypothesis, advanced by some geologists, suggests that the source of the ore metals.was the volcanic material in the beds overlying the ore-bearing sandstones and that these metals were subsequently leached and redeposited in the, beds that now contain the ore. This hypothesis encounters not only most of.the difficulties in the penesyngenetic hypothesis, but it presents some 'additional ones of its-own.
Suggestions for prospecting
Regardless of the actual origin of the deposits, certain habits of the deposits habits that have been recognized through geologic mapping and exploration experience are useful as guides for finding ore (Weir, 1952) On the north end of Blue Mesa a few well developed rolls have been mined but fossil logs are rare. The ore from most of these rolls was of low grade and contained excessive amounts of lime, which resulted in penalties or in refusal of the ore at the mills. 
